We report a case of malignant hyperthermialike syndrome in a living-donor liver transplant recipient with no familial history of malignant hyperthermia or exposure to known triggering drugs. The patient showed many features of a typical malignant hyperthermia episode, and The Clinical Grading Scale defined this case as almost certain to be an episode of malignant hyperthermia (rank 5). However, the diagnosis was questionable. The intraoperative and perioperative periods during liver transplant can involve drastic alterations of physiological parameters, which can make malignant hyperthermia difficult to diagnosis. The data we obtained using a pulmonary artery catheter suggest an intraoperative increase in systemic oxygen consumption.
Introduction
Malignant hyperthermia is a life-threatening condition involving sustained muscle contracture with hypercatabolic reactions and elevated body temperature. This condition can be triggered by commonly used inhalational anesthetics and depolarizing muscle relaxants. In humans, the trait for malignant hyperthermia is inherited in an autosomal dominant manner. 1 Liver transplant may be the best chance for a cure for a liver tumor and the underlying cirrhosis. During the intraoperative and perioperative periods of liver transplant, which usually are performed for end-stage liver disease, 2 drastic alterations in physiological parameters, including tachycardia, metabolic or respiratory acidosis, hyperkalemia, and arrhythmias are often seen. 3, 4 These also are the typical features of malignant hyperthermia.
Case Reports
A 51-year-old man who was receiving a living-donor liver transplant secondary to hepatitis C-induced liver cirrhosis and hepatocellular carcinoma, developed a malignant hyperthermialike reaction without exposure to any known triggering drugs and without a familial history of malignant hyperthermia. Except for liver dysfunction, the patient's history was not significant, especially for muscle disease, and was the father of 2 healthy children. He had not taken any neuroleptic drugs.
Anesthesia was induced and maintained with fentanyl and propofol, and tracheal intubation was facilitated with vecuronium, without complication. Total intravenous anesthesia with propofol was maintained according to Kyoto University Hospital protocol for liver transplant surgery. The patient was mechanically ventilated and received a pulmonary artery catheter, placed via the right internal jugular vein. Prophylactic cefotaxime sodium and ampicillin sodium were administered before surgery, and these drugs also were administered every 4 hours during the operation.
The operation proceeded uneventfully until approximately 2.5 hours after anesthesia induction, when tachycardia and arterial hypertension were observed, despite administering high-dose propofol (6-10 mg/kg/h) and fentanyl (5 μg/kg/h). The patient's end-tidal carbon dioxide (CO) levels gradually rose, despite checking the anesthesia circuit and elevating the minute volume. His core body temperature also rose and exceeded 38.0°C, necessitating surface cooling. Arterial blood gas analysis revealed metabolic acidosis, despite administering sodium bicarbonate. Cardiac output exceeded 13 L/min/m 2 , which was higher than the cardiac output at the beginning of surgery (6.2 L/min/m 2 ), and oxygen consumption (VO 2 ), calculated via cardiac output, and mixed venous oxygen saturation (S v O 2 ) also increased. Although arrhythmia and electrolyte abnormalities were not seen and the color of the patient's urine was normal, these observations were similar to those malignant hyperthermia.
The surgical staff considered aborting the surgery, but at the time, resection of the donor liver graft was almost complete, and the patient's symptoms were not definitive for malignant hyperthermia. In particular, the patient did not demonstrate excessively elevated creatine phosphokinase or myoglobinuria; the elevated creatine phosphokinase, in conjunction with elevated levels of other liver enzymes, might have been related to muscle damage from surgery.
The patient was transferred to the intensive care unit, postoperatively; where he was infused with propofol and fentanyl for sedation and pain management. His body temperature was maintained at 38.0°C to 39.0°C with surface and body-cavity cooling procedures. Laboratory analyses showed that his serum creatine phosphokinase and myoglobin concentrations were elevated, and myoglobinuria also was seen. Arterial hypotension was not detected in the patient, even without administering vasoconstrictors or catecholamines. The patient's white blood cell counts ranged from 5200 to 9500/10 -9 m 3 , and his C-reactive protein ranged from 4 to 10 10 -1 g/10 -9 m 3 , levels often seen during the postoperative courses of massive surgeries. Cefotaxime sodium (1 g) and ampicillin sodium (1 g) were given to the patient every 12 hours postoperatively, but sepsis was ruled out. Therefore, dantrolene (2.5 mg/kg) was given under a presumptive diagnosis of malignant hyperthermia. After administering dantrolene, the patient's body temperature normalized (36°C to 36.7°C), as did his serum creatine phosphokinase and myoglobin concentrations; the myoglobinuria also disappeared. Three days after surgery, the patient was extubated; he was normothermic, and showed no signs of recurrent malignant hyperthermia. Negative blood culture results were repeatedly obtained. His white blood cell count and C-reactive protein levels went back to within normal ranges, and his vital signs were stable. The coadministration of cefotaxime sodium (1 g) with ampicillin sodium (1 g) was changed to the sole administration cefmetazole (1 g). To definitively diagnose a case of malignant hyperthermia, the Ca2+-induced Ca2+-release test using skinned fibers from skeletal muscle is performed. 5 However, as informed consent for the Ca2+-induced Ca2+-release test could not be obtained Abbreviations: ALT, alanine aminotransaminase; AMPC, ampicillin sodium; AST, aspartate aminotransferase; ATIII, antithrombin III; BE, base excess: endtidal partial pressure of CO 2 ; BP, systolic (diastolic) blood pressure; BT, core body temperature; CO, cardiac output; CPK, serum creatine phosphokinase; CTM, cefotaxime sodium; HR, heart rate; sys (dia); Mb, serum myoglobin; PC, platelet concentrate; S v O 2 , mixed venous oxygen saturation; VO 2 , oxygen consumption Body temperature continued to rise and exceeded 38.0°C, even with surface cooling. The total blood loss was 2990 mL (containing a large volume of ascites); 8450 mL of crystalloid solution, 3000 mL of colloid solution, and 10 units of platelets were administered. The total volume of urine produced was 1165 mL.
from the patient, a sample of the patient's blood was examined for mutations in the ryanodine receptor 1 gene (RyR1), which has been reported to be expressed in human peripheral B cells. 6 A glycine-to-adenosine substitution at Leu 197 in the RyR1 gene was found.
Discussion
In this case, many features of typical malignant hyperthermia were present. In fact, the clinical grading scale 7 defined this case as almost certainly an episode of malignant hyperthermia. However, a definitive diagnosis of malignant hyperthermia was not obtained because the Ca2+-induced Ca2+-release test, using skinned fibers from skeletal muscles, could not be performed. An examination of the patient's peripheral B cells revealed a glycine-toadenosine substitution at Leu 197 , in the RyR1 gene, which may have been a coincidental polymorphism, leading to malignant hyperthermia susceptibility. However, this mutation does not result in an amino acid residue substitution; and therefore, does not directly affect functioning of RyR1. The patient had not taken any neuroleptic drugs and did not have a history of muscle disease. Therefore, this episode was not likely due to neuroleptic malignant syndrome or muscle disease.
Consequences of liver transplant, which are similar to malignant hyperthermia symptoms and include tachycardia, drastic changes in body temperature, and metabolic acidosis, can be observed 2 during the perioperative period. Because the cooling procedures were effective, and because the clinical signs were not regarded as being conclusive for malignant hyperthermia, dantrolene was not given until approximately 13 hours postoperatively. The patient exhibited rhabdomyolysis, regarded as a late sign 8 of malignant hyperthermia, which cannot be prevented by any supportive treatment, but is effectively treated by dantrolene. For this patient, dantrolene administration decreased his body temperature, serum creatine phosphokinase concentration, and myoglobin. However, the reversal of the symptoms, after dantrolene administration, was not rapid. Instead, it took about 2 days for his clinical signs to normalize, which is uncharacteristic of malignant hyperthermia.
In this case, the clinical presentation of symptoms similar to malignant hyperthermia are noteworthy because they emerged when we administered drugs unlikely to trigger malignant hyperthermia. 9 There is both clinical 9 and in vitro 10 evidence that the propofol dosage used in clinical settings does not trigger malignant hyperthermia. Long-term, continuous infusion of high-dose propofol can induce propofol-infusion syndrome, 11 characterized by severe lactic acidosis, which, in this case, actually develops during the anhepatic stage and during reperfusion of the allograft. Extensive histologic examination of the pretransplant native liver did not show lipid deposition, suggesting that the observed lactic acidosis might be attributable to underuse and overproduction of lactate, previously reported during liver transplant. 12 Data obtained via the pulmonary artery catheter was useful for the pathophysiological analysis of the malignant hyperthermialike episode in the present case. Mixed venous oxygen saturation, an indirect indicator of systemic blood flow, was determined by the following formula: 13 In this case, cardiac output increased, which was partially due to end-tidal carbon dioxide elevation (cerebral blood flow is dependent upon P a CO 2 ), but S v O 2 was stable or slightly decreased, which means that the oxygen consumption also was elevated intraoperatively.
These changes, which disappeared on the second postoperative day, are consistent with the pathophysiological features of malignant hyperthermia by which heat production, accompanied by increased oxygen consumption, is elevated in systemic skeletal muscle. Similar changes in cardiac output and S v O 2 can be seen in sepsis, 14 which is accompanied by features similar to those in the present case. However, repeated negative blood culture results and the lack of sustained perioperative hypotension, in the absence of administration of vasoconstrictors or catecholamines, ruled out sepsis in this patient.
In conclusion, this malignant hyperthermialike episode occurred early during the intraoperative course of a living-donor liver transplant. Although malignant hyperthermia was tentatively diagnosed using the clinical grading scale, 7 and the data obtained by the pulmonary artery catheter were consistent with the pathophysiological features of malignant hyperthermia. There also can be many mimics of malignant hyperthermia relevant to the physical parameters in a patient undergoing a liver transplant or other surgeries known to create massive physiologic aberrations.
